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(57) ABSTRACT 

An indirectly heated cathode that can enhance the withstand 
Voltage and the efficiency of radiating heat from a heater to 
a tubular sleeve, and a cathode ray tube using Such a 
cathode. The indirectly heated cathode comprises a hot 
cathode emitting electrons at one end, and a tubular sleeve 
including a high melting point metal and having a heater 
inside. A thermal absorption layer is formed on the inside 
face of the tubular sleeve and the thermal absorption layer 
contains a boron compound. 

10 Claims, 3 Drawing Sheets 
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INDIRECTLY HEATED CATHODE WITH A 
THERMALABSORPTION LAYER ON THE 

SLEEVE AND CATHODE RAY TUBE 

FIELD OF THE INVENTION 

The present invention relates to an indirectly heated 
cathode used for a television receiver and a computer 
display, etc., and a cathode ray tube using the Same. 

BACKGROUND OF THE INVENTION 

A conventional indirectly heated cathode comprises a hot 
cathode emitting electrons at one end and a tubular sleeve 
comprising a molybdenum material and having a heater 
inside. In order to enhance the capacity of the tubular sleeve 
to absorb radiant heat from the heater, an aluminum layer is 
coated on the inside face of the tubular sleeve and heat 
treated in wet hydrogen to form a blackened thermal absorp 
tion layer on the inside face of the tubular sleeve 
(Publication of Japanese Patent Application (Tokkai Sho) 
No. 56-169778). 

However, there are Some disadvantages in Such an indi 
rectly heated cathode where Al-Mo is formed on the thermal 
absorption layer. One of the disadvantages is that while Such 
an indirectly heated cathode integrated into a cathode ray 
tube is operated, Al-Mo evaporates from the thermal absorp 
tion layer of the indirectly heated cathode. The vapor of 
Al-Mo may attach to an electrode located in the vicinity of 
an indirectly heated cathode, thus causing insulation break 
down. Evaporation of Al-Mo may make the black thermal 
absorption layer leSS black, preventing the tubular sleeve 
from efficiently absorbing radiant heat from the heater. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
an indirectly heated cathode that can enhance the withstand 
Voltage and the efficiency of radiating heat from a heater to 
a tubular sleeve, and a cathode ray tube using Such a 
cathode. 

According to the present invention, an indirectly heated 
cathode comprises a hot cathode emitting electrons at one 
end, a tubular sleeve including a high melting point metal 
and having a heater inside, and a thermal absorption layer 
formed on the inside face of the tubular sleeve. The thermal 
absorption layer contains a boron compound. 

Thus, the evaporation of a material from the thermal 
absorption layer can be inhibited. 

Moreover, the cathode ray tube of the present invention 
comprises a faceplate portion having a fluorescent Screen on 
its inner face; a funnel portion provided behind the faceplate 
portion; a neck portion, which is formed behind the funnel 
portion, having an electron gun that emits electron beams, 
and an indirectly heated cathode that is provided inside the 
electron gun, the indirectly heated cathode comprising a hot 
cathode emitting electrons at one end, a tubular sleeve 
including a high melting point metal and having a heater 
inside and a thermal absorption layer formed on the inside 
face of the tubular sleeve. The thermal absorption layer 
contains a boron compound. 

Thus, the attachment of a material to the electrode portion 
in the tube is prevented and the deterioration of blackening 
in the thermal absorption layer of the tubular sleeve is 
inhibited. 

It is preferable that the boron compound is a boride. 
It is preferable that the boron compound contains at least 

one element Selected from the group consisting of W, Mo, 
Nb, Sr, Hf, Ta, Ti and Zr. 

It is preferable that the boron compound has a melting 
point of 2000° C. or more. 
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2 
It is preferable that the thickness of the thermal absorption 

layer is in the range of 0.5 um to 10 um. 
It is preferable that the tubular sleeve is formed from a 

Substrate including the high melting point metal and having 
the thermal absorption layer on the Substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view showing an indirectly heated 
cathode of the first embodiment of the present invention. 

FIG. 2 is a croSS Sectional view showing a cathode ray 
tube that utilizes the indirectly heated cathode of the present 
invention. 

FIG. 3A is a croSS Sectional view showing a Sputtering 
Step for manufacturing a tubular sleeve of the indirectly 
heated cathode of the present invention. 

FIG. 3B is a croSS Sectional view showing a deep-drawing 
Step for manufacturing a tubular sleeve of the indirectly 
heated cathode of the present invention. 
FIG.3C is a cross sectional view showing a heat treatment 

Step for manufacturing a tubular sleeve of the indirectly 
heated cathode of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Hereinafter, the present invention will be described by 
way of embodiments with reference to drawings. 
AS shown in FIG. 2, a cathode ray tube 1 according to the 

first embodiment of the present invention comprises a face 
plate portion 3 having a fluorescent Screen 2 on its inner 
face; a funnel portion 4 provided behind the faceplate 
portion 3; and a neck portion 7, which is formed behind the 
funnel portion 4, having an indirectly heated cathode 8 and 
an electron gun 6 that emits electron beams 5 inside. 
As shown in FIG. 1, the indirectly heated cathode 8 

provided at one end of the electron gun 6 comprises a hot 
cathode 9 formed by a pellet-shaped electron emitter at one 
end and a tubular sleeve 11 including a high melting point 
metal such as Mo, Ta, Re and having a coil-type heater 10 
inside. On the inside face of the tubular sleeve 11, a thermal 
absorption layer 12 of a black boride such as MoB, MoB, 
MoB, WB, WB, NbR, SrB, HfB, TaB, TaB, TiB, TiB, 
ZrB, ZrB, SrB is formed. In a case where molybdenum is 
used as the sleeve material, MoB, TaB are preferred since 
their coefficient of thermal expansion at 100° C. are rela 
tively similar to that of molybdenum. Considering the exfo 
liation of the thermal absorption layer 12 from the inside 
face of the tubular sleeve 11 and the deterioration of the 
blackening of the thermal absorption layer 12, it is preferred 
that the thickness of the thermal absorption layer 12 is in the 
range of 0.5 um to 10 tim, more preferably in the range of 
1 um to 4 lum. 
The thermal absorption layer can include minor compo 

nents (preferably, around 0.2 weight% or less) other than the 
boride. However, it does not matter even if each a compo 
nent is included as long as the object of the present invention 
can be achieved. 

Next, the effect of the above mentioned cathode ray tube 
1 will be described. 
According to the first embodiment of the present 

invention, the thermal absorption layer 12 of a black boride 
is formed on the inside face of the tubular sleeve 11 of the 
indirectly heated cathode 8. Therefore, the evaporation of 
material constituting a thermal absorption layer 12 is inhib 
ited even when the cathode ray tube 1 is operated with the 
hot cathode 9 at 1000 to 1300 C., because the melting point 
of the boride of the thermal absorption layer 12 is high, i.e. 
approximately 1800 C. or more. As a result, the attachment 
of the material to the electrode portion in the tube consti 
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tuting the electron gun 6 of the cathode ray tube 1 can be 
prevented, and in turn the withstand Voltage can be 
enhanced. Furthermore, the deterioration of blackening in 
the thermal absorption layer 12 of the tubular sleeve 11 can 
be inhibited and the efficiency of radiating heat from the 
heater 10 to the tubular sleeve 11 can be enhanced. 

Furthermore, by making the thickness of the thermal 
absorption layer 12 in the range 0.5 um to 10 um, the 
exfoliation of the thermal absorption layer 12 and the 
deterioration of the blackening of the thermal absorption 
layer 12 can be inhibited. 

FIGS. 3A to 3C show a method for manufacturing the 
cathode ray tube 8 of FIG. 2. The method comprises a 
sputtering step (FIG. 3A), a deep-drawing step (FIG. 3B) 
and a heat treatment step (FIG. 3C). In the Sputtering step, 
MoB 14 is deposited over one side of a 100 um thick Mo 
plate 13 that has been heated to 200 to 250° C. In the 
deep-drawing Step, deep-drawing is conducted by preSS 
working so that the deposited film of MoB 14 is the inside 
face, and a plurality of tubular sleeves 11 having an outer 
diameter of 1.8 mm and length of 2.0 mm are manufactured. 
In the following thermal treatment Step, the manufactured 
tubular sleeves 11 are thermally treated in a reducing 
atmosphere, for example, an atmosphere of hydrogen, at 
about 1000 C. for 30 minutes. Then, a cathode assembling 
step follows. In this step, as shown in FIG. 1, a cup 15 filled 
with an electron emitting emitter constituting the hot cath 
ode 9 is fixed in the tubular sleeve 11 at one end by laser 
welding or resistance welding. Then, the coil-type heater 10 
is inserted in the tubular sleeve 11. 

This method bonds the tubular sleeve 11 comprising Mo 
and the vapor-deposited film of MoB 14 firmly. As a result, 
even when the cathode ray tube 1 is operated under high 
temperature, the thermal absorption layer 12 in which the 
evaporation of MoB 14 and deterioration of blackening are 
inhibited can be obtained. Moreover, since MoB 14 is 
deposited over one side of the Mo plate 13 by sputtering, 
even if Mo plate 13 on which MoB 14 is deposited is 
deep-drawn, the exfoliation of the deposited film of MoB 
14 can be inhibited during deep-drawing. Consequently, a 
great number of tubular sleeves 11 can be manufactured at 
one time from the Mo plate on which MoB 14 is vapor 
deposited. 

For the comparison with the cathode ray tube 1 of the 
present invention into which the indirectly heated cathode 8 
was integrated, a cathode ray tube into which a conventional 
indirectly heated cathode was integrated was manufactured 
with the same method except that the thermal absorption 
layer 12 was Substituted with a conventional aluminum 
containing layer. The effects of the both cathode ray tubes 
were evaluated. 

After the cathode ray tubes were operated for 1000 hours 
at high temperature, i.e. at 1200° C., while the rated tem 
perature of the hot cathode 9 is 1000 C., the withstand 
voltage was tested on the heater 10 and the tubular sleeve 11 
to determine the number of defects. In the conventional 
cathode ray tube, defects in the withstand Voltage were 
observed in 7 out of 100 subjects. On the other hand, no 
defects were observed in the cathode ray tube of the present 
invention. These results show that in the cathode ray tube 1 
of the present invention, the attachment of MoB 14 to the 
electrode in the tube can be prevented and the deterioration 
of blackening in the thermally absorption layer 12 in the 
tubular sleeve 11 can be inhibited. 

In the above mentioned embodiment, the deposited film 
of MoB 14 is formed by sputtering. However, instead of 
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Sputtering, vacuum evaporation method, a vapor phase 
growth method and the like may be employed. 

Finally, it is understood that the invention may be embod 
ied in other Specific forms without departing from the Spirit 
or essential characteristics thereof. The embodiments dis 
closed in this application are to be considered in all respects 
as illustrative and not restrictive, So that the Scope of the 
invention being indicated by the appended claims rather than 
by the foregoing description, and all changes which come 
within the meaning and range of equivalency of the claims 
are intended to be embraced therein. 

What is claimed is: 
1. An indirectly heated cathode comprising a hot cathode 

emitting electrons at one end, and a tubular Sleeve including 
high melting point metal and having a heater inside, wherein 
a thermal absorption layer is formed on an inside face of Said 
tubular sleeve, the thermal absorption layer containing a 
boron compound and absorbing radiant heat from a heater to 
transmit it to the tubular sleeve, wherein Said boron com 
pound is a boride and contains at least one element Selected 
from the group consisting of W, Mo, Nb, Sr, Hf, Ta, and Zr. 

2. The indirectly heated cathode according to claim 1, 
wherein Said boron compound is a boride. 

3. The indirectly heated cathode according to claim 1, 
wherein the thickness of Said thermal absorption layer is in 
the range of 0.5 um to 10 um. 

4. The indirectly heated cathode according to claim 1, 
wherein the boron component has a melting point of 1800 
C. or more. 

5. The indirectly heated cathode according to claim 1, 
wherein the tubular sleeve is formed from a Substrate 
including a high melting point metal and having the thermal 
absorption layer on the Substrate. 

6. A cathode ray tube comprising; 
a faceplate portion having a fluorescent Screen on its 

inside face; 
a funnel portion provided behind Said faceplate portion; 
a neck portion, which is formed behind Said funnel 

portion, having an electron gun emitting electron 
beams, and 

an indirectly heated cathode provided in Said electron 
gun, the indirectly heated cathode comprising a hot 
cathode emitting electrons at one end, and a tubular 
sleeve including a high melting point metal and having 
a heater inside, wherein a thermal absorption layer is 
formed on an inside face of Said tubular sleeve, the 
thermal absorption layer containing a boron compound, 
wherein Said boron compound is a boride and contains 
at least one element Selected from the group consisting 
of W, Mo, Nb, Sr, Hf, Ta, and Zr. 

7. The cathode ray tube according to claim 6, wherein said 
boron compound is a boride. 

8. The cathode ray tube according to claim 6, wherein the 
thickness of Said thermal absorption layer in the range of 0.5 
tim to 10 um. 

9. The cathode ray tube according to claim 6, wherein the 
boron component has a melting point of 1800 C. or more. 

10. The cathode ray tube according to claim 6, wherein 
the tubular sleeve is formed from a Substrate including a 
high melting point metal and having the thermal absorption 
layer on the Substrate. 
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